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Introduction
More than 5 billion people live in countries that use essential medicines lists. These lists typically contain hundreds of medicines intended to meet the priority health-care needs of a population. [1] [2] [3] Since the World Health Organization (WHO) published the first Model list of essential medicines in 1977, the list has been revised every two years and adapted to circumstances in more than one hundred countries. Governments and health-care institutions use essential medicines lists to determine which medicines to fund, stock, prescribe and dispense. 4 As essential medicines lists influence the medicines that people have access to, contents of these lists constitute important determinants of health worldwide.
Countries must select medicines for their essential lists appropriately to facilitate sustainable, equitable access to medicines and promote their appropriate use. 4 Since a country's list is intended to meet the needs of its population, countries that are geographically close or similar to each other in population size, health-care expenditure and health status might be expected to have similar essential medicines lists. Differences between such lists that are not explained by differences in country-specific needs may represent opportunities for improving the lists.
Here we aimed to compare the medicines included in national essential medicines lists with the 2017 WHO's Model list of essential medicines, 5 and to determine whether characteristics, such as WHO Region, population size, and health-care expenditure account for the differences.
Methods
We prespecified the main analysis for this observational study before data collection (NCT03218189) and report the results using the STROBE reporting guidelines. 6, 7 In June 2017, we searched the WHO essential medicines and health products information portal. This online repository contains hundreds of publications on medicines and health products related to WHO priorities and has a full section dedicated to national lists of essential medicines. 2, 3 A WHO information specialist actively searched for updated versions of national lists, including national formularies, reimbursement lists and lists based on standard treatment guidelines. We included all national lists of essential medicines that were posted on the repository irrespective of publication date and language. When we found more than one national list from the same country, we used the most recent list.
We excluded documents that were not essential medicines lists, such as prescribing guidelines. We also excluded diagnostic agents, antiseptics, disinfectants and saline solutions.
Data collection processes
We developed a data extraction method for medicines in national lists, which we pilot-tested on lists from five countries. One of six reviewers extracted information from each country and another reviewer verified the information before inclusion in an electronic database.
For identified countries with essential medicines lists, we collected eight country characteristics that might explain 8 We extracted data on population, life expectancy, infant mortality and GDP per capita from the Central Intelligence Agency's World Factbook. 9 We obtained the GINI index from the most recent data available from the World Bank in the United Nations Human Development Report 2016. 10 We retrieved the corruption perception score from Transparency International's 2016 corruption perceptions index.
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Data extraction
From each country's list we abstracted medicines using International Nonproprietary Names (INNs). 12 For medicines whose names were not in English, we used the Anatomical Therapeutic Chemical classification system, 13 if available, or translated the names using Google Translate.
14 We listed each medicine individually, whether it was part of a combination product or not. We treated medicine bases and their salts (e.g. promethazine hydrochloride and promethazine) as the same medicines, as well as different compounds of the same vitamin or mineral (e.g. ferrous fumarate and ferrous sulfate).
We used the Anatomical Therapeutic Chemical code for each medicine and the Anatomical Therapeutic Chemical structure to determine the level of relatedness between medicines: level 1, anatomical main group (e.g. metformin is "A" for alimentary tract); level 2, therapeutic subgroup (e.g. metformin is "A10" for alimentary tract medicines used to treat diabetes); level 3, pharmacological subgroup (e.g. metformin is "A10B" for alimentary tract medicines used to treat diabetes that lower blood glucose); level 4, chemical subgroup (e.g. metformin is "A10BA" for alimentary tract medicines used to treat diabetes that lower blood glucose that are biguanides). 15 WHO's model list indicates (with a square box) that some listed medicines are merely exemplars of several medicines that should be considered therapeutically equivalent. 5 We assumed that the medicines in the same chemical subgroup as the exemplar were equivalent (e.g. enalapril is equivalent to all other in the chemical subgroup C09A: captopril, lisinopril, perindopril, ramipril, quinapril, benazepril, cilazapril, fosinopril, trandolapril, spirapril, delapril, moexipril, temocapril, zofenopril and imidapril), except when WHO's list specified particular equivalent medicines (e.g. bisoprolol is specified as equivalent to atenolol, metoprolol, and carvedilol). As a result of uncertainty whether these medicines are truly equivalent, and because we do not know how countries interpreted the indications of equivalence, or if they used them at all, we also report results disregarding the equivalence to exemplars.
Data analysis
For descriptive data, we calculated medians with interquartile ranges (IQRs).
Comparison with WHO's model list
To determine whether countries' characteristics accounted for differences between each country's list and the 2017 WHO model list, we created a linear regression model with the total number of differences from the WHO's model list as the dependent variable and the following characteristics as independent variables: WHO region, population size, life expectancy, infant mortality, GDP per capita, and health-care expenditure per capita. We had to exclude the variables inequality and corruption perception, since only 95 (69 %) countries had available information. We present the adjusted R 2 values for the number of independent variables. We conducted several post-hoc sensitivity analyses: removed longer lists to assess the effect of outliers, employed the Tanimoto coefficient that accounts for list length and used the 2015 WHO model list instead of the 2017 list as a reference to allow for a delay in updating national lists. 16 We used R statistical package (R Foundation, Vienna, Austria).
Country comparisons
To calculate a similarity score, we divided medicines into those that are commonly listed (by at least 50% of countries) and those that are uncommonly listed (by less than 50% of countries). For each country's list we calculated the score by counting the medicines on that list that are commonly listed and subtracting the number of uncommonly listed medicines. This calculation provides a similarity integer score for each country; positive scores indicate that most medicines in the country's list are commonly listed in other countries' lists, and negative scores indicate that most medicines are uncommonly listed in other countries' lists.
Data sharing
The underlying data used in this study are publicly available and, separately, a database with updated information about national essential medicines lists will be maintained online. 17 The numbers of differences between each country's list and WHO's model list ranged from 85 to 533 (median: 252; IQR: 227 to 303) or, when equivalence to exemplars was disregarded, from 93 to 815 differences (median: 296; IQR: 265 to 381). There were differences across therapeutic areas and for both communicable and noncommunicable diseases (available from a data repository). The numbers of differences varied considerable within different WHO regions (Fig. 4) . The differences between each country's list and WHO's model list across therapeutic areas were less when we consider equivalence based on Anatomical Therapeutic Chemical codes ( For the regression model, we included 136 countries. We excluded the country of Niue because of missing information. The multivariate linear regression indicated that the six included country characteristics explained one-third of the numbers of differences between each country's list and WHO's model list (adjusted R 2 :0.33); WHO region (more differences in the Americas) and health-care expenditure (more differences with higher expenditures) were significantly associated with the total number of differences (P = 0.023; available in a data repository). 19 To determine if the main finding (that is, most of the variation in the number of differences was not explained by these country characteristics) depended on the definitions used in the pre-specified analysis, we conducted post-hoc sensitivity analyses. Excluding 17 countries with longer lists that may have been comprehensive formularies rather than essential medicines lists, although they were posted in the essential medicines lists repository, slightly increased the amount of variation in the number of differences explained by the country characteristics (R 2 : 0.37). Since long national lists will have many differences from WHO's model list, we performed a sensitivity analysis accounting for list length using the Tanimoto coefficient and the R 2 decreased to 0.23 indicating that the main finding is not due to list length. Performing the same analyses using the 2015 WHO model list as the reference, rather than the 2017 version, showed no differences (median of the numbers of differences: 272; IQR: 244 to 367; R 2 : 0.33).
Between country comparisons
The similarity scores for countries, measuring the extent to which countries tend to list medicines commonly listed by other countries, ranged from −553 Essential medicines lists Nav Persaud et al. No data No. of differences Notes: Differences mean that either a medicine is included on WHO's model list, but not in that country's list or a medicine is included on the country's list, but not in WHO's model list. We used the Anatomical Therapeutic Chemical classification system to assess equivalence. No data indicates that no essential medicines list was found in the repository for that country. Table 2 . Amoxicillin was listed by all countries and diazepam, doxycycline, short-acting insulin, salbutamol, and metronidazole were each listed by 99% of countries.
We examined medicines that were expected to be listed by only a small number of countries. There were six treatments for trypanosomiasis (pentamidine, suramin sodium, eflornithine, melarsoprol, nifurtimox, benznidazole) and four antileishmaniasis medicines (amphotericin B, miltefosine, paromomycin, sodium stibogluconate) on WHO's model list. These medicines were listed by between eight and 96 countries (median: 12; IQR 9 to 24; more information available in a data repository).
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Discussion
We found substantial differences in essential medicines lists. Most national lists of essential medicines had more than 200 differences compared with WHO's model list. These differences were only partly explained by the countries' characteristics we investigated. Most of the medicines were listed by a small number of countries. Decisionmakers could choose to re-examine whether medicines listed by a small number of other countries should be removed from their national list.
Previous studies have compared many national lists of essential medicines, but for only one therapeutic area. For example, in one study on medications for neuropathic pain listed in the essential medicines lists of 112 countries, only four of 18 differences (22%) were related to country income. 20 Gabapentinoids, that can be 23 The findings of these studies are consistent with our study, and also suggest that differences in the lists are not explained by countries' characteristics, implying there may be opportunities to improve essential medicines lists.
Our study has limitations. We abstracted the medicines in each country's list of essential medicines from the information posted on WHO's website, a process that was liable to errors, as documents describing essential medicines lists had to be translated, standard medicine names were not consistently used, and judgements had to be made about what to include in ambiguous cases. In the future, stakeholders could validate and update the information in the data set used for this study and also provide information about how they are using the essential medicines list to the database of global essential medicines.
18 Some of the lists included in this study may not be used by the respective countries. Furthermore, the country characteristics we included may not fully capture important features. We relied on the widely used Anatomical Therapeutic Chemical classification system, which like other classifications systems, assigns some medicines with multiple codes for different indications and does not include every medicine in use.
In 2004, WHO stated that the lack of access to essential medicines remains one of the most serious global public health problems and identified the "careful selection of essential medicine [as] the first step in ensuring access. " 24 The importance of essential medicines lists will probably grow as countries move towards universal health coverage, as a part of achieving the sustainable development goals. 25 Our findings suggest that greater care may be needed in selecting medicines that meet the priority health-care needs of populations. The reasons for the substantial differences from WHO's model list and the differences between countries should be further studied. Governments could provide explanations for medicines they have decided to add to help other countries decide if they should also list them. Countries could also use the database of global essential medicines created for this study to flag medicines that are not listed by similar countries or in WHO's model list. 18 There may be gaps in the information available to countries about the medicines on WHO's model list includ-
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Резюме
Сравнение перечней основных лекарственных средств в 137 странах Цель Сравнить лекарственные препараты, включенные в национальные перечни основных лекарственных средств с Примерным перечнем Всемирной организации здравоохранения (ВОЗ) основных лекарственных средств, и оценить, в какой мере характеристики страны, такие как регион ВОЗ, размеры и уровень затрат на здравоохранение, влияют на различия между ними. Методы Авторы провели поиск на информационном портале ВОЗ, посвященном основным лекарственным средствам и медицинской продукции, с целью найти там национальные перечни основных лекарственных средств. Каждый такой национальный перечень основных лекарственных средств сравнивался с Примерным перечнем ВОЗ 2017 года и с перечнями других стран. Авторы использовали линейную регрессию для определения того, зависели ли различия от региона ВОЗ, размера популяции, ожидаемой продолжительности жизни, детской смертности, валового национального продукта и затрат на здравоохранение. Результаты Было найдено 137 национальных перечней основных лекарственных средств, которые в совокупности включали 2068 уникальных лекарственных средств. В каждом национальном перечне было от 44 до 983 лекарственных средств (медианное значение 310, межквартильный размах (МКР): от 269 до 422). Количественно различие между перечнем основных лекарственных средств для каждой отдельной страны и Примерным перечнем ВОЗ основных лекарственных средств составляло от 93 до 815 наименований (медианное значение 296, МКР: от 265 до 381). Линейная регрессия показала, что только регион ВОЗ и затраты на здравоохранение были в значительной мере связаны с количеством наблюдаемых различий (скорректированное значение R2: 0,33; P < 0,05). Большая часть лекарственных средств (1248, 60%) входила в перечни не более чем 10% стран (14 стран). Вывод Существенные различия между национальными перечнями основных лекарственных средств лишь частично объясняются различными характеристиками государств и, следовательно, могут быть не связаны с разными приоритетными потребностями. Данная информация помогает выявить возможности для улучшения перечней основных лекарственных средств.
Resumen
Comparación de las listas de medicamentos esenciales en 137 países
Objetivo Comparar los medicamentos incluidos en las listas nacionales de medicamentos esenciales con la Lista Modelo de Medicamentos Esenciales de la Organización Mundial de la Salud (OMS) y evaluar en qué medida las diferencias se deben a las características de los países, como la región, el tamaño y el gasto en atención sanitaria de la OMS. Métodos Se realizaron búsquedas en el Portal de Información de Medicamentos Esenciales y Productos de Salud de la OMS para obtener listas nacionales de medicamentos esenciales. Se comparó cada lista nacional de medicamentos esenciales con la Lista Modelo de la OMS de 2017 y con otras listas nacionales. Se utilizó la regresión lineal para determinar si las diferencias dependían de la región de la OMS, el tamaño de la población, la esperanza de vida, la mortalidad infantil, el producto interno bruto y el gasto en atención sanitaria. Resultados Identificamos 137 listas nacionales de medicamentos esenciales que incluían colectivamente 2068 medicamentos únicos.
Cada lista nacional contenía entre 44 y 983 medicamentos (mediana 310: rango intercuartil, IQR: 269 a 422). El número de diferencias entre la lista de medicamentos esenciales de cada país y la Lista Modelo de la OMS osciló entre 93 y 815 (mediana: 296; IQR: 265 a 381). La regresión lineal mostró que sólo la región de la OMS y el gasto en atención sanitaria se asociaron significativamente con el número de diferencias (R2 ajustado: 0,33; P < 0,05). La mayoría de los medicamentos (1248; 60 %) fueron listados por no más del 10 % (14) de los países. Conclusión Las diferencias sustanciales entre las listas nacionales de medicamentos esenciales sólo se explican en parte por las diferencias en las características de los países y, por lo tanto, pueden no estar relacionadas con las diferentes necesidades prioritarias. Esta información ayuda a identificar oportunidades para mejorar las listas de medicamentos esenciales. 
